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I.  Introduction. 

Ths  work  here  discussed  represents  part  of  the  investigations 
of  the  rare  earths  which  are  being  carried  on  in  the  laboratory  of 
Inorganic  Chemistry  of  the  University  of  Illinois.     One  object  of 
the  present  work  was  to  study  some  separation  methods  which  might 
be  suitable  for  the  isolation  of  the  various  individual  earths, 
more  particularly  those  of  the  yttrium  group.     This  v^as  undertaken 
preliminary  to  a  later  object  which  was  to  prepare  dysprosium 
material  of  sufficient  purity  for  atomic  weight  work,  and  to 
determine  the  atomic  weight  of  that  element.     Oxides  of  the  rare 
earths  obtained  from  a  previous  investigation  (Egan  and  Balke,  j. 
Am.  Ghem.  3oc.,  35,  355.   1913)  furnished  most  of  the  material  for 
this  work.     These  were  originally  obtained  from  the  following 
mineral  sources;  monazite,  gadolinite,  xenotime,  euxenite,  and 
fergusonite.    ?rom  the  gadolinite  and  xenotime  material  part  of 
the  yttriijm  had  been  previously  removed  in  the  investigation  above 
referred  to.     The  oxides  were,  in  the  main,  those  of  the  yttrium 
earths,  though  some  portions  contained  appreciable  quantities  of 
the  cerium  earths. 


II.  separation  of  (ieri^Jan  and  Yttrium  Groups. 

For  the  separation  of  the  earths  the  scheme  suggested  by 
James   (J.  Am.  Ohem.  Soc,  30,  979.  190B.   ibid.,  34,  757.  1912) 
was  used  as  a  working  basis.     Nov/ever,  several  deviations  were 
made  from  this  scheme.     The  method  used  for  the  separation  of  the 
yttrium  earths  from  the  ceri^jm  earths  depends  \vpon  the  fact  that 
the  cerium  earths  are  but  slightly  soluble  in  a  saturated  solution 
of  sodium  or  potass iiim  sulfate,  -/hile,   in  the  presence  of  the 
cerium  earths,  the  yttrium  earths  are  quite  soliible  in  these 
solutions.     This  separation,  iv?iich  is  approximate,  and  which 
serves  to  divide  roughly  the  rare  earths  into  the  two  groups  was 
carried  out  as  follows.     The  oxides  were  dissolved  in  strong  nitric 
or  hydrochloric  acid,  a  large  excess  of  acid  being  avoided.  The 
solutions  were  diluted  with  water  so  that  there  was  a  volume  of 
about  one  liter  for  each  hundred  grams  of  dissolved  oxide.  Solid 
sodium  or  potassium  sulfate  was  added  and  the  solutions  stirred 
from  time  to  time  until  they  were  saturated  with  the  alkali  sulfate 
or  until  the  absorption  spectra  showed  the  removal  of  most  of  the 
cerium  earths  from  solution,     ordinarily  this  process  required 
three  or  four  days.     The  solutions  were  kept  cool  in  order  to 
reduce  to  a  minimiam  the  amount  of  alkali  sulfate  required.  One 
portion  treated  with  sodium  sulfate  consisted  of  the  chlorides 
from  3760  grams  of  oxides,  mainly  cerium  group,  obtained  from 
oxalates  furnished  by  the  Welsbach  Company.     The  solution  was 
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filtered,  diluted,  and  precipitated  in  the  cold  with  oxalic  acid. 
The  precipitated  oxalates,  which  probably  carried  dovm  slight 
amounts  of  sodium  oxalate   (Baxter  and  Daudt,  J.  Am.  Chem.  Soc,  30, 
553.  190S),  were  washed  and  irriited  to  oxides.     The  oxides  weighed 
490  grams. 

In  most  of  the  other  portions  treated  the  cerium  group 
material  formed  only  a  small  per  cent  of  the  whole,  and  the  amounts 
precipitated  by  the  alkali  sulfates  were  less.     The  alkali  sulfates 
carried  down  some  yttrium  group  material  with  the  ceriLim  earth 
precipitate.     ''^Vhen  the  precipitation  v/as  complete  the  solutions 
were  decanted  through  a  filter,  the  precipitate  v^ashed  a  few  times 
with  a  saturated  solution  of  the  alkali  sulfate  and  set  aside  for 
later  treatment.     The  filtrates  v^ere  diluted  with  water  and  the 
earths  precipitated  with  a  hot,  saturated  solution  of  oxalic  acid. 
The  oxalates  obtained  settled  rapidly  and  could  be  v/ashed  easily 
by  decantation.     After  having  been  washed  until  the  alkali  salts 
in  solution  were  removed,  the  oxalates  were  sucked  dry  on  a  Euchner 
fijmnel.     Part  of  the  oxalates  obtained  in  this  way  v^ere  ignited  to 
oxides,  dissolved  in  nitric  or  hydrochloric  acid  and  reprecip itated 
with  oxalic  acid.     The  oxalates  were  washed  again  in  order  to 
remove  alkali  salts  which  might  have  been  included  in  the  first 
precipitate.     If  these  are  not  removed  they  cause  inconvenience 
in  the  later  fractionation  of  the  earths. 


111.  fractionation  of  the  Bromatec. 

per  the  preliminary  soparation  of  the  yttri^jm  G^oup  elements 
the  bromate  method,  firot  proposed  by  Janes  (J.  /jn.  Chem.  Soc,  30, 
132.   1903.  Ohera.  N3.vs,  97,  61,  190S),  was  chosen  as  being  most 
satisfactory.     The  rare  earth  bromates  are  beet  prepared  ir  quan- 
tity by  the  double  decomposition  of  rare  earth  sulfates  and  barium 
bromat3.     The  oxalates  of  the  rare  earths  may  be  char.fred  to  sul- 
fates either  by  igniting  to  o:iide  and  dissolving  the  oxide  in  cold, 
dilute  sulfuric  acid,  or  by  making  the  oxalates  into  a  paste  with 
a  slight  excess  of  concentrated  sulfuric  acid  and  igniting  to 
drive  off  the  excess  acid.     The  latter  method  ras  found  more 
satisfactory.     The  sulfates  obtained  by  this  method  v/ere  dissolved 
in  ice-cold  ;vater  by  adding  slov/ly  v^ith  constant  stirring.  The 
sulfate  solution  was  added  slowly  to  an  excess  of  hot  barinm 
bromate  solution  contained  in  a  porcelain  evaporating  dich  of 
sixty-five  liters  capacity.     The  liquid  in  the  dish  v;as  kept 
agitated  by  means  of  a  mechanical  stirring  device.     The  solution 
containing  the  rare  earth  bromates,  along  with  a  slight  amount  of 
bari;jn  bromate,  was  drawn  off  from  time  to  time  and  more  barium 
bromate  and  earth  sulfate  added  as  required.     The  bromate  solution 
was  pale  pin2c  in  color  and  the  solid  bromates  had  a  light  pink 
color. 

The  bromates  were  fractionally  crystallized  for  a  long  time, 
in  the  usual  way.     Eighteen  inch  evaporating  dishes  were  used  for 


containers  at  first.     Ho^/ever,  as  the  number  of  fractions  increased 
and  ths  siz9  of  each  became  correspondingly  small,  smaller  dishes 
were  used,  and  as  soon  as  size  permitted  the  fractions  were  trans- 
ferred to  thrse  liter  Jena  flasks,  Florence  shape,  and  finally  to 
smaller  ones.     In  some  of  the  later  series  of  fractionation  flasks 
of  fifty  cubic  centimeters  capacity  ivere  used.     Por  a  rather  large 
series  flasks  of  seven  hundred  cubic  centimeters  capacity  were 
found  vsry  convenient  to  handle.     I'lasks  have  advantage  over 
casseroles  in  that  creeping  of  the  material  is  eliminated,  the 
solutions  lend  themselves  more  readily  to  spectroscopic  exami- 
nation, less  space  is  required,  the  draining  of  the  crystals  is 
more  easily  accomplished,  and  there  is  lesc  danger  of  contamina- 
tion from  laboratory  dust.     The  loss  due  to  breakage  v;hen  using 
flasks  vras  very  smll  and  was  no  greater  than  v/hen  casseroles  were 
used.     The  dissolving  of  the  crystals  was  carried  out  on  the  water 
or  steam  bath.     At  the  temperatures  attained  there  was  no  decompos 
ition  unless  the  solutions  became  v^ry  concentrated  and  then  only 
in  the  more  soluble  fractions.     A  series  could  be  fractionated  onc^ 
or  twice  a  day. 

According  to  James  and  Bissel   (J.  Am.  Chem.  Soc,  36,  2060. 
1914)  the  order  of  solubility  of  the  rare  earth  bromates  is  as 
follows,  arranged  in  order  of  increasing  solubility;  Eu  (least 
soluble),  Gd,  Tb,  Dy,  Ho,  Y,  Er,  Tm,  Yb,  Lu,  Ct,  Sc.     The  order  of 
increasing  solubility  of  the  cerium  earth  bromates,  according  to 
the  same  authors,   is  as  follows;  Eu,  Sa,  Nd,  Pr,  ce.  La.  The 


solubility  of  neodyraium  bromats  lies  between  that  of  f:adolinium  and 
terbi-am. 

After  about  fifty  series  of  crystallizations  of  the  bromates 
had  been  csarried  out,  during  \7hich  time  several  small  fractions 
had  been  set  aside  from  the  insoluble  end  as  they  contained,   in  the 
main,  barium  and  potassium  bromates,   the  colors  of  the  fractions 
which  were  n^jmbered  S  to  31,   inclusive  were  noted.     This  together 
with  a  study  of  the  absorption  spectra  indicated  a  composition  of 
the  fractions  as  follows: 


Fraction 

NO. 

Color.            Absorption  shov;s . 

Earths  present 

8 

almost  colorless 

Sa,Nd 

Sa,Gd,Nd 

9,10,11 

pink 

sa,m 

SE,Nd,C-d 

12,13 

flesh  pink 

>Td,Pr,Dy,Ho 

Fd,Pr,Dy ,Ho 

14,15 

yellowish  pink 

Nd,Pr,Dy ,Ho 

rd,Pr,Dy,Ho,Y 

15,17 

cream 

Dy,Ho 

Dy,IIo,Y 

18,19,20 

,21 

pale  pink 

Sr 

Y,Er 

22,23,24 

,25,: 

^6,27  pink 

Er 

Y,Er 

23 

yellov/ish  pink 

Er,Tm 

Y , Er , Tm 

29,30 

greenish  yellow 

Er,Tm 

Er,Tm 

31 

bright  blue-green 

Tm 

Tm 

After  the  series  had  been  fractionated  for  some  time  lonrer 
it  became  evident  that  the  terbium  collected    v/ith  the  praseo- 
dymi^jm,  and  that  ytterbium,  lanthan^jm  and  cerium  collected  in  the 
fractions  more  soluble  than  thuli^ra.     These  observations  are  in 
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closs  agreemant  with  those  of  James  and  Pissel. 

As  the  separation  continued,  fractions  were  set  aside  from 
both  ends  of  the  series  from  time  to  time,  until  enough  had 
acc^jiraulated  to  start  separate  series.     5!ome  of  the  fractions  from 
the  soluble  end  were  placed  into  a  series  v/hich  v/as  being  run  from 
bromates  obtained  in  earlier  investigations  in  this  laboratory. 
New  series  were  started  and  fractions  added  to  them  in  such  a  way 
as  to  make  the  number  of  earths  in  a  given  series  as  small  as 
possible,  and  to  concentrate  each  earth  in  a  single  series.  The 
transfer  of  a  fraction  from  one  series  to  another  v;as  governed  by 
its  color  and  absorption  spectr^jm.     The  above  method  of  manipula- 
tion may  be  made  more  clear  by  a  statement  of  the  composition  of 
some  of  the  series  run. 

series  A  contained  mainly  yttrium,  with  erbiLim  at  the  soluble 
end  and  holmium  at  the  insoluble  end.     The  fractions  in  this  series 
were  almost  colorless,     concentration  of  yttrium  was  sought  in 
this  series  which  contained  more  material  than  any  of  the  others. 

Series  B  contained  bromates  somewhat  less  soluble  than  those 
in  series  A.     It  contained  mainly  yttriiAm,  with  some  holmium  and 
traces  of  dysprosium  and  terbium.     It  was  free  from  erbium.  The 
fractions  were  almost  colorless.     Concentration  of  yttrium  v/as 
sought  in  this  series. 

series  C  contained  bromates  somewhat  less  soluble  than  those 
in  series  B.  It  contained  mainly  yttrium,  holmium  and  dysprosium 
bromates.     It  was  entirely  free  from  bromates  more  soluble  than 
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yttri-um  bromate,  but  contained  small  amoimts  of  terbium,  praseo- 
dymi^jira  and  nsodymiura  bromates  '.vhioh  are  less  soluble  than  dys- 
prosium bromata.     Concentration  of  holmium  \7as  sou^^ht  in  this 
series . 

series  D  contained  earths  of  about  the  sane  solubility  as 
dysprosi^Jm.     It  consisted  mainly  of  dysprosium,  with  some  holmium 
and  terbium  and  traces  of  praseodymium  and  neodymix-im.  Concen- 
tration of  dysprosium  was  sought  in  this  series. 

series  S  contained  bromates  less  soluble  than  those  in  series 
D.     It  consisted  mainly  of  neodymium  and  dysprosium,  v/ith  some 
praseodymrjm  and  terbium.     Concentration  of  terbium  and  dysprosium 
was  sought  in  this  series. 

series  ?  contained  bromates  somewhat  more  soluble  than  those 
in  series  A.     It  consisted  mainly  of  yttrium  and  erbiiim,  with 
traces  of  thulium  and  more  soluble  bromates.     It  vms  entirely  free 
from  holmi^om  and  less  soluble  bromates.     concentration  of  erbium 
was  sought  in  this  series. 

Series  G  contained  the  most  soluble  bromates.     It  contained 
considerable  thuli'jm,  ytterbium,  cerium  and  lanthanum.  Concen- 
tration of  thulium  and  ytterbium  was  sought  in  this  series.  The 
insoluble  end  fractions  gave  bluish  green  solutions  and  crystal- 
lized well,  while  the  soluble  end  fractions  formed  colorless 
solutions  and  crystallized  poorly. 

In  addition  to  the  study  of  the  absorption  spectra  of  the 
various  fractions,  determinations  of  the  average  atomic  weight 


aided  in  follo'ving  th8  course  of  the  separations.     Two  methods  of 
analysis  ware  used  for  this  purpose,  the  permanganate  method  of 
Gibbs   (Am.  Ghem.   J.,  15,  546.  1893),  and  the  sulfuric  acid  volu- 
metric method.     The  methods  were  found  to  rive  almost  equally 
satisfactory  results  for  control  work.     The  sulfuric  acid  volu- 
metric method  is  much  more  rapid,   thou^^h  parhaps  of  not  so 
general  application.       In  this  latter  method  a  fev/  tenths  of  a 
gram  of  th3  oxide  is  dissolved  in  standardi^ied  sulfuric  acid, 
approximately  tenth  normal.     The  earth  is  precipitated  from  solu- 
tion by  the  addition  of  an  excess  of  approximately  half  normal 
potassium  oxalate  solution.     If  the  color  of  the  oxalate  is  such 
as  to  interfere  with  the  indicator  color,  the  oxalate  should  be 
filtered  off,  otherwise  txhis  is  not  necessary.     The  excess  acid  is 
titrated  with  st^indardized  sodium  hydroxide  solution,  approximately 
tenth  normal,  phenolphthalein  being  used  as  the  indicator.  This 
method  is  similar  in  principle  to  that  used  by  peit  and  Przibylla 
(Zeitsch.  anorg.  Ghem.,  50,  249,  1906)  in  their  atomic  weight 
determinations,  and  is  essentially  the  same  as  that  used  by  Hol- 
den  and  James   (J.  Am.  Chem.  Soc,  35,  53S.  1914)   in  control  work. 

Analyses  of  two  samples  from  separate  yttrium  earth  mixtures, 
made  by  two  workers  in  this  laboratory,  one  using  the  permanganate 
method,  the  other  using  the  sulfuric  acid  volumetric  method,  gave 
the  following  results: 
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Method  U3  8d.  Atomic  v/t.no.  1        Atomic  v/t.no.  2 

Permanganate  91.85  89.73 

Sulfuric  acid  volumetric  91.52  89.43 

A  sample  from  another  lot  of  material  save  the  value  90.35  by  the 
permanganate  method,  and  the  value  90.78  by  the  sulfuric  acid 

volumetric  method. 

After  bromate  series  A  had  been  fractionated  for  about  tv;o  and 
one- half  years,  several  thousand  crystallizations  having  been 
carried  out,   the  fractions  richest  in  yttri^am  were  removed.  There 
was  obtained  from  these  over  a  kilogram  of  oxide.     The  atomic 
weight  according  to  the  permanganate  mei^hod,  as  determined  by  an- 
other worker  in  this  laboratory,  was  83.94.     This  was  evidently 
yttri^jm  material  of  very  high  purity. 

For  the  conversion  of  the  bromates  into  oxalatec  the  following 
method  was  found  most  suitable.     To  the  saturated  solution  of  the 
bromates  is  added  a  concentrated  solution  of  barium  chloride.  This 
causes  the  precipitation  of  practically  all  the  bromate  radical  as 
crystalline  barium  bromate,  and  leaves  the  rare  earth  chlorides  in 
solution.     The  solution  may  be  readily  filtered  and  the  earths  pre- 
cipitated with  oxalic  acid,  after  the  addition  of  free  mineral  acid 
to  prevent  the  precipitation  of  barium  oxalate.     In  this  way  barium 
bromate  is  obtained  in  suitable  condition  for  conversion  of  other 
rare  earth  material  into  bromates.     Direct  addition  of  oxalic  acid 
to  a  solution  of  rare  earth  bromates  should  be  avoided  as  it 
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rssulta  in  the  svolution  of  free  bromine  and  the  decomposition  of 
oxalic  acid.     It  is  a  disagreeable  operation  as  v/ell  as  a  v.^asteful 
one. 

A  sample  of  earth  for  analysis  was  taken  from  a  fraction  in  a 
bromate  series  which  had  been  run  for  the  concentration  of  erbi^im 
for  a  very  lon,'^  time,  until  the  method  seemed  to  give  only  very 
slow  further  separation.     The  fraction  analyzed  was  judced  by  its 
absorption  spectr^jra  to  be  the  one  richest  in  erbii.im,  and  to  contain 
only  erbi^ora  and  yttriiim.     The  atomic  weight  was  found  by  the  per- 
manganate method  to  be  162.34,  which  indicated  an  erbium  content  of 
about  ninety-three  per  cent.     Several  fractions  from  this  series,  of 
composition  very  close  to  that  of  the  sample  analyzed,  were  united, 
and  from  them  was  obtained  eighty-five  grams  of  a  very  dense,  rose- 
colored  oxide.     This  material  was  fractionated  by  sixteen  series  of 
fusions  by  the  basic  nitrate  method.     There  were  thus  obtained 
eight  fractions  of  which  the  one  richest  in  erbium  gave  an  atomic 
weight  slif?htly  above  134  (this  determination  was  made  by  another 
worker  in  this  laboratory  and  exact  data  is  not  available).  This 
value  indicated  an  erbium  content  of  about  ninety-five  per  cent. 

Series  1  and  D,   the  bromate  series  which  were  being  run  for 
the  concentration  of  holmium  and  dysprosium,  respectively,  proved 
very  interesting.     A  study  of  the  absorption  spectra  showed  that  a 
rather  marked  separation  had  taken  place  in  series  C  after  it  had 
been  fractionated  for  a  long  time.     Some  fifty  fractions  had  been 
set  out  of  the  insoluble  end  of  this  series  and  placed  in  series 
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containing  l3ss  soluble  broraatss.     There  remained  in  the  series 
sixteen  fractions.     A  sample  from  fraction  54,  the  least  soluble 
fraction,  which  contained  a  large  per  cent  of  dysprosivim  and  hol- 
miiam  and  small  amounts  of  terbium,  praseodymium  and  neodymiujn  was 
analyzed  by  the  sulfuric  acid  volumetric  method.     The  oxide  was 
cream  colored.     Tho  atomic  weight  found  was  161.59.     A  sample  from 
fraction  64,  which  was  judged  to  be  richest  in  holmium,  and  which 
contained  only  traces  of  dysprosium,   together  with  a  large  per 
cent  of  yttrium  was  analyzed.     The  permanganate  method  gave  the 
value  12S.15  and  the  sulfuric  acid  volijmetric  method  gave  the  value 
128.28  for  the  atomic  weight.     These  values  indicated  a  holmii.im 
content  of  about  fifty  per  cent.     A  sample  from  fraction  69,  the 
most  soluble  fraction,  which  shov/ed  only  holmiira  absorption  and 
which  gave  a  cream  colored  oxide,  was  analyzed.     The  si-ilfuric  acid 
volumetric  method  gave  the  atomic  weight  as  105.22,  indicating  a 
holmium  content  of  about  twenty- two  per  cent. 

A  study  of  the  fractions  in  bromate  series  D  after  it  had  been 
fractionated  for  a  long  time  in  a  similar  manner  to  the  preceding 
series  showed  that  it  consisted  almost  entirely  of  dysprosium 
material.     There  were  present  small  amounts  of  holmium,  terbium, 
praseodymium  and  neodymium.     A  sample  from  fraction  34,  the  least 
soluble  fraction  in  the  series,  which  showed  slight  praseodymiiam 
and  neodymiiom  absorption  bands  in  addition  to  those  of  dysprosium 
and  which  gave  a  light  brovm  oxide,  gave  the  atomic  weight  161.19. 
A  sample  from  fraction  41  in  the  same  series,  which  shov^ed  holmium 
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absorption  bands,  but  no  nsodyrni'-jn,  gave  the  atomic  weight  161.92. 
It  was  evidant  from  the  values  obtained,  161.19,  161.92  and  161.59, 
that  the  brornates  of  series  D  and  those  from  the  insoluble  end  of 
series  r>  were  of  quite  uniform  composition.     The  absorption  spectra 
indicated  the  presence  of  but  slight  amounts  of  earths  other  than 
dysprosium.     It  ivas  decided  to  purify  further  this  material  for  the 
purpose  of  securing  dysprosium  material  of  sufficient  purity  for 
accurate  atomic  v/eight  determinations  and  to  determine  the  atom.ic 
weight  of  the  element. 
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IV.  History  of  DysprosiiJin. 

There  is  but  little  regarding  dysprosiiun  to  be  found  in  the 
literature.     In,  1885,  Lecoq  de  Boisbaudran  (Gomrtes  rendus ,  102, 
1003.   1383.  Ohem.  News,  53,265,  1886)  announced  that  he  had  been 
able  to  divide  the  earth  known  as  holmia  into  two  earths.  He 
made  the  separation  by  fractionating  with  potassium  sulfate  and 
alcohol.     He  gave  the  name  dysprosium,  from  a  Greek  word  meaning 
•difficult  to  approach',   to  the  earth  which  gave  the  following 
absorption  maxima  in  solution;  X=753,  475,  451.5,  427.5.  Bois- 
baudran (Gomptes  rendus,  102,  1005.1885.  Chem.  News,  53,  265,  1886) 
did  not  succeed  in  freeing  the  new  earth  from  terbia. 

In  1905  Urbain  (Gomptes  rendus,  142,  785.  1906)  announced  the 
isolation  of  about  fifty  grams  of  the  dysprosium  of  Boisbaudran. 
He  studied  the  absorption  in  the  ultra  violet  region,  gave  the 
atomic  weight  as  162.40  and  stated  that  the  characteristics  of  its 
compoijinds  range  it  in  the  rare  earth  series  between  terbium  and 
holmiiim.     He  fo^Jind  no  evidence  of  the  complexity  of  the  element. 
He  recommended  the  fractionation  of  the  ethylsulf ates  and  of  the 
simple  nitrates  as  being  most  suitable  for  the  separation  of 
yttri^jim  and  terbi^Jim  from  dysprosium.     However,  neither  of  theee 
methods  were  very  satisfactory  for  the  separation  of  holmium  from 
dysprosium. 

In  the  same  year,  Urbain  and  Demenitroux  published  a  series 
of  determinations   (Gomptes  rendus,  143,  598.  1906)  of  the  atomic 
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weight  of  dysprosiiam.     As  a  result  of  twelve  determinations,  which 
gave  values  from  152.29  to  162.75,   they  give  162.5^-  as  the  most 
probable  value  for  the  atomic  weight.     Their  determinations  were 
made  by  transforming  the  octohydrated  sulfate,  Dy2(C04)3.8H20, 
into  the  oxide,  Dy203,  by  calcination  at  white  heat.     ?ew  details 
are  given.     In  1908,  Urbain  (Oomptes  rendus,  146,  922.1903)  mapped 
the  spark  spectrum  of  dysprosii^m  and  determined  the  magnetic  sus- 
ceptibility of  its  oxide,  Dy^O^.     Bourion  (Comptes  rendus,   145,  243 
1907.  Ann.  Ohim. et  Phys.,  381,  Ser.  3,  21,  77.  1910), 
Urbain  and  Jantsch  (Oomptes  rendus,  146,  127.  190P),  Jantsch  and 
Ohl   (Berichte,  44,  1274.  1911)  have  prepared  and  studied  several 
compounds  of  dysprosium.     Moseley   (Phil.  Mag.,  27,  703.  1914),  in 
his  table  of  the  elements,  in  which  the  arrangement  is  based  upon 
the  high  frequency  spectra,  gives  the  atomic  number  of  dysprosium 
(symbol  given  as  Ds)  as  67,  placing  it  between  holmium  (66)  and 
erbi^jcn  (38).     Dushman  (Gen.  Elec.   Rev.,  IS,  614.  1915)  mentions  the 
fact  that  in  Moseley's  table  the  order  of  atomic  numbers  in  the 
case  of  dysprosium  and  holmium  is  apparently  the  reverse  of  that  of 
the  atomic  weights. 
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V.  fractionation  of  the  Simple  Nitrates  for  the  separation  of 
Dysprosium. 

Fractionation  of  the  bromates  showed  that  the  last  traces  of 
praseodymi-ura  and  terbium  could  be  removed  from  dysprosium  but  very 
slowly,  if  at  all,  by  this  method.     Accordingly  it  was  decided  to 
convert  the  dysprosium  rich  material  from  series  D  and  from  the 
insoluble  end  of  series  0  into  nitrates  and  ethylsulf ates ,  and 
fractionate  these  salts.     From  the  least  soluble  fractions  in 
series  D  were  obtained  eighty-six  grams  of  a  light  brovm  oxide, 
containing  dysprosium,  with  small  amounts  of  neodjTnium,  praseodym- 
ium, and  terbi^jm,  and  a  faint  trace  of  holmium.     The  atomic  weight 
as  determined  by  the  sulfuric  acid  volumetric  method  v;as  between 
161.2  and  161.9.     The  oxide  was  dissolved  in  nitric  acid.  Bismuth 
nitrate  was  added  and  the  fractional  crystallization  carried  on  in 
nitric  acid  solution  of  about  sixty  per  cent  nitric  acid.  Accord- 
ing to  Urbain  (Comptes  rendus,  149,  37.  1909),  bismuth  nitrate  is 
very  slightly  less  soluble  than  terbium  nitrate,  dysprosium  nitrate 
is  more  soluble  than  terbium  nitrate,  and  neod^Tnium  nitrate  is  more 
soluble  than  dysprosium  nitrate  in  nitric  acid  solution.  The 
nitrates  crystallise  well  and  the  mother  liquors  are  easily  drained 
off.     There  is  considerable  tendency  towards  the  formation  of 
supersaturated  solutions  unless  seeding  is  resorted  to  or  a  slight 
amo^jLnt  of  the  solid  left  undissolved  when  solution  for  recrystal- 
lization  takes  place.     This  is  also  true  of  the  bromates. 
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The  nitrates  wore  run  through  about  fifty  series  of  crystalliza- 
tions.    As  a  result  of  these  crystallizations  the  absorption 
spectra  and  the  color  of  the  oxides  showed  but  slight  change  was 
taking  place.     Neodymium  concentrated  somewhat  at  the  soluble  end 
(Demarcay,  Oomptes  rendus,  130,  1019.  1900).     It  was  decided  to 
change  the  earth  nitrates  into  et.hylsulf ates  since  an  ethylsulfate 
series  being  fractionated  at  the  same  time  was  foimd  to  be  giving 
a  good  separation.     The  nitrate  fractions  were  united,  v/ith  the 
exception  of  five  fractions  at  the  soluble  end  which  were  set  aside 
as  most  of  the  neodymium  had  concentrated  in  them.     Bismuth  was 
removed  from  the  united  fractions  by  dilution  and  by  precipitation 
with  hydrogen  sulfide.     The  earths  were  precipitated  with  oxalic 
acid.     The  oxalates  obtained  were  ignited  to  oxides.     The  vieight 
of  the  oxides  was  between  seventy-five  and  eighty  grams. 
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VI.  fractionation  of  the  Ethylsulf ates  for  the  separation  of 
Dyspros  i^om. 

The  oxides  obtained  from  the  simple  nitrate  series  were 
dissolved  in  the  calculated  amount  of  ethylsulfuric  acid,  N.  F.=.63 
(Urbain,  J.  Ohim.  Phys.,  4,  31.  1906).     The  oxides  dissolved  quite 
readily  though  it  was  difficult  to  get  them  to  neutralize  the  sol- 
ution completely.     As  the  ethylsulf ates  decompose  quite  readily  it 
was  not  considered  safe  to  heat  very  much  in  order  to  hasten  solu- 
tion.    The  neutral  solution  finally  obtained  was  evaporated  under 
reduced  pressure,  with  gentle  warming,  until  quite  concentrated, 
after  which  air  was  blo^^m  over  the  surface  until  solution  was 
evaporated  sufficiently  for  crystallization.     This  series  v/as 
fractionated  using  absolute  alcohol  as  a  solvent.     It  was  hoped 
that  this  wo 'Old  prevent  hydrolysis  of  the  ethylsulf  ates ,  whixjh 
takes  place  readily  in  aqueous  solution,  especially  if  there  is 
present  a  trace  of  free  acid  (loc.  cit.).     The  ethylsulf ates  were 
found  to  be  quite  stable  under  the  conditions  of  fractionation. 
Care  was  taken  not  to  heat  the  fractions  any  hotter  than  was 
necessary  to  dissolve  the  crystals.     This  dissolving  v/as  done  on  a 
steam  bath  kept  at  a  temperature  no  hotter  than  the  hand  could  bear 
with  comfort.     The  ethylsulf  ates  did  not  form  s\-iper  saturated  solu- 
tions as  did  the  bromates  and  nitrates.     This  adds  much  to  the 
convenience  of  the  fractionation.     The  slight  amounts  of  neodymium 
and  praseodymium  present  in  the  series  concentrated  rapidly  in  the 
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least  soluble  fractions.     The  terbium  concentrated  in  the  less 
soluble  fractions  also,  but  not  nearly  so  rapidly  as  did  the  neo- 
dymium  and  praseodymium.     The  dysprosium,  with  the  slight  trace 
of  holmium  present,  concentrated  in  the  middle  and  most  soluble 
fractions.     This  series  will  be  referred  to  later  as  the  first 
ethylsulfate  series. 

The  bromates  from  the  more  soluble  fractions  of  series  D, 
having  an  atomic  weight  of  161.6  to  161.9  as  determined  by  the 
sulfuric  acil  volumetric  method,  v;ere  converted  to  the  oxides.  The 
yield  was  seventy-three  grams  of  buff  colored  oxide.     This  was 
mainly  dysprosium,  with  one  or  two  per  cent  of  holmium  and  slight 
amounts  of  praseodymium  and  terbium,  and  a  trace  of  neodymium. 
From  the  method  used  in  fractionating  the  bromates  and  from  the 
small  per  cent  of  holmium  present  it  v/as  regarded  that  this  mater- 
ial was  free  from  yttrium  though  there  was  no  positive,  direct 
evidence  of  this.     The  oxide  was  converted  into  ethylsulfate  in  the 
manner  recommended  by  James   (loc.  cit.).     The  procedure  was  as 
follows.     The  oxide  was  dissolved  in  hydrochloric  acid  to  neutral 
solution.     This  solution  was  concentrated  and  treated  with  an 
alcoholic  solution  of  sodium  ethylsulfate.     The  precipitated  sodiim 
chloride  was  filtered  off  and  the  series  was  fractionated  similarly 
to  the  preceding  one.     This  method  of  preparing  the  ethylsulfate 
was  not  nearly  so  satisfactory  as  that  of  dissolving  the  oxide  in 
ethylsulfuric  acid.     Considerable  sodium  salts  remained  in  solution 
and  were  troublesome  to  remove  in  the  final  purification  of  the 


20 

material  for  analysis.     As  the  fractionation  progressed  the  neo- 
dymiura  and  prassodiT^iixn  rapidly  concentrated  in  the  least  soluble 
fractions  which  v/ere  removed  from  the  series  from  time  to  time. 
After  the  series  had  been  run  about  twenty  times  a  sample  from  the 
soluble  end  was  analyzed.     The  oxide  was  cream  colored.  Check 
analyses  by  the  s^alfuric  acid  volumetric  method  gave  the  values 
162.52  and  162.41  for  the  atomic  weight.     A  sample  from  an  insol- 
uble end  fraction  gave  the  value  163.01  by  the  same  method.  This 
series  will  be  referred  to  later  as  the  second  ethylsulfate  series. 

Since  it  appeared  that,  with  the  material  at  hand,  dysprosium 
might  readily  be  isolated  with  no  impurity  other  than  a  small  a- 
mount  of  holmium,  which  was  not  sufficient  to  effect  the  atomic 
weight  more  than  one  or  two  points  in  the  second  decimal  place, 
and  for  which  a  correction  might  be  made,  based  on  the  intensity  of 
the  absorption  spectrum,  it  was  decided  to  attempt  to  determine 
accurately  the  atomic  weight  of  dysprosium.    Y/ith  this  end  in  view 
the  fractionation  of  the  ethylsulf ates  was  continued.     It  v/as 
decided  to  study  the  ratio  Dy203: SDyCls,  by  a  method  similar  to 
that  used  for  the  determination  of  the  atomic  v/eight  of  yttrium  by 
Egan  and  Balke  (loc.  cit.). 
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VII.  Preparation  of  Reagents  Used  in  the  Atomic  Weicht  Deter- 
minations . 

water. -The  ordinary  distilled  v/ater  was  redistilled,  after 
the  addition  of  alkaline  potassiijm  permanganate,  from  the  still 
used  in  this  laboratory  for  conductivity  water. 

Oxalic  acid. -Chemically  pure  oxalic  acid  was  dissolved  in  hot 
water.     The  slight,   insoluble  residue  v/as  filtered  off  and  the 
acid  crystallized  twice  from  dilute  nitric  acid,  and  twice  from 
conductivity  water.     After  each  crystallization  the  product  was 
sucked  dry  on  a  Buchner  funnel. 

Nitric  acid. -Chemically  pure  nitric  acid  v;as  distilled  from 
a  quartz  container,  through  a  quartz  condenser  into  a  quartz  re- 
ceiver.    The  middle  third  was  reserved  for  use. 

Hydrochloric  acid  solution. -This  was  prepared  by  heating  the 
concentrated  chemically  pure  hydrochloric  acid  and  passing  the  gas 
into  conductivity  water.     Quartz  vessels  were  used  throughout. 

Hydrogen  chloride  gas. -This  was  prepared  by  dropping  chem- 
ically pure  concentrated  sulfuric  acid  on  chemically  pure  concen- 
trated hydrochloric  acid.     It  was  dried  by  passage  through  two 
vertical  drying  towers,  each  one  meter  high  and  tv/o  and  one-half 
centimeters  in  diameter.     The  towers  were  filled  with  solid  glass 
beads  wet  with  chemically  pure  concentrated  sulfuric  acid.  The 
entire  apparatus  was  of  glass  and  was  continuous. 

Ammonia. -This  was  made  as  used  by  warming  the  chemically  pure 


concentrated  aqueous  solution. 

Nitrogen. -Air  was  mixed  with  ammonia  and  passed  throug^h  a 
quartz  tube  containing  copper  jrrauze  heated  to  redness,  then  bubbled  | 
through  dilute  sulfuric  acid.     The  nitrogen  thus  obtained  v/as  pur- 
ified and  dried  as  follows.     The  gas  was  passed  through  a  tower, 
sixty  centimeters  high,  two  and  one-half  centimeters  diameter,  con- 
taining solid  glass  beads  moistened  with  dilute  sulfuric  acidj  next 
through  a  similar  tower  in  which  the  beads  v/ere  moistened  v/ith  a 
five  per  cent  silver  nitrate  solution*,  next  through  a  similar  tower 
in  which  the  beads  were  moistened  v/ith  chemically  pure  concentrated 
sulfuric  acid;  next  through  a  tov;er  seventy-five  centimeters  high, 
three  and  eight-tenths  centimeters  diameter,  loosely  packed  with 
solid  potassium  hydroxide-,  next  through  a  sulfuric  acid  tov;er  simi- 
lar to  the  preceding  one,  and  finally  through  a  tube  forty  centime- 
ters high,  two  centimeters  diameter,  containing  glass  v/ool  inter- 
spersed with  phosphorus  pontoxide  which  had  been  redistilled 
directly  into  the  tube.     The  gas  v/as  passed  upv/ard  through  each 
tower.     The  purifying  and  drying  train  was  constructed  entirely  of 
glass  and  was  continuous. 

Air. -Air  was  purified  and  dried  in  the  same  way  as  nitrogen. 

The  hydrogen  chloride,  nitrogen,  and  air  trains  were  all 
mounted  compactly  on  a  wooden  support.  See  figure. 

Vessels  of  platinum,   quartz,  or  jena  resistance  glass  were 
used  in  all  cases  v/here  the  use  of  less  resistant  containers 
would  have  been  likely  to  contaminate  the  material. 
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Explanation  of  figure  illustrating  hydrogen  chloride,  nitrogen 
and  air  purifying  and  drying  trains.     See  figure  opposite. 

Towers  g  and  h  ^7ere  used  for  drying  hydrogen  chloride. 
Towers  a,  b,  c,  d,  e,  and  f  wore  used  for  drying  and  purifying 
nitrogsn. 

Towers  a',  b',  c*,  d',  eVand  f  were  used  for  drying  and 
purifying  air. 

Towers  a  and  a'  contained  solid  glass  beads  moistened  with 
dilute  sulfuric  acid. 

Towers  b  and  b'  contained  solid  glass  beads  moistened  with 
five  per  cent  silver  nitrate  solution. 

Towers  c,  c*,  e,  e',  g  and  h  contained  solid  glass  beads 
moistened  with  concentrated  sulfuric  acid. 

Towers  d  and  d'  v/ere  loosely  packed  with  solid  potassium 
hydroxide. 

Towers  f  and  f '  contained  glass  wool  interspersed  with  re- 
sublimed  phosphorus  pent oxide. 

Towers  a,  ^\  b,  b*,  c,  c',  e  and  e'  were  60  cm.  high,  2.5 
cm.  diameter. 

Towers  d  and  d'  were  75  cm.  high,  3.8  cm.  disjneter. 
Towers  f  and  f*  were  40  cm.  high,  2  cm.  diameter. 
Towers  g  and  h  were  1  meter  high,  2.5  cm.  diameter. 
The  towers  and  the  connections  between  them  v/ere  constructed 
entirely  of  glass. 
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VIII.  Prsparation  of  Dysprosium  Oxide. 

Th9  material  for  analysis  was  converted  from  the  ethylsul- 
fate  into  the  oxide  as  follov/s.     The  alcoholic  solution  was  diluted 
with  water,  a  little  dilute  sulfuric  acid  added,  the  solution  heat- 
ed to  boiling  and  filtered.     The  object  of  adding  the  siafuric  acid 
was  to  precipitate  any  barium  which  might  have  been  in  solution. 
In  the  preparation  of  3thylsulfuric  acid,  bariujn  carbonate  had  been 
added  to  remove  sulfuric  acid.     A  slight  amount  of  barium  ethyl- 
sulfate,  which  is  soluble,  was  formed  here.     The  dysprosiiim  mater- 
ial was  obtaii^ed  and  purified  by  alternate  precipitations  with 
ammonia  and  oxalic  acid,  the  last  precipitation,  in  every  case^ 
being  as  oxalate.     The  precipitation  with  ammonia  was  carried  out 
by  passing  ammonia  gas  into  the  hot  solution  diluted  from  one  to 
one  and  one-half  liters,  until  all  the  dysprosium  was  precipitated. 
The  hydroxide  v/as  filtered  with  suction^  washed,  and  dissolved  in 
considerable  excess  of  nitric  acid,  the  solution  diluted  from  one 
to  one  and  one-half  liters,  heated  to  boiling,  and  an  excess  of  a 
hot  solution  of  oxalic  acid  added.     This  was  allowed  to  stand  until 
cool,  after  v/hich  it  was  filtered  and  washed  with  hot  water.  Pre- 
cipitated in  this  v/ay,  the  oxalate  filtered  readily  and  v/as  easily 
washed.     The  oxalate  v/as  then  dried,  ignited  in  an  electric  furnace, 
in  platin^jm,  and  the  oxide  dissolved  in  nitric  acid  if  another  pre- 
cipitation was  desired.     Each  sample  analysed  was  precipitated  tv/o 
or  more  times  with  ammonia  and  two  or  more  times  v/ith  oxalic  acid 
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in  the  marine]:'  described.     In  addition,  sample  ni.iinber  3  was  pre- 
cipitated onc3  with  ammoni^jm  sebacate  (Whittemore  and  James,  J.  Am. 
Chem.  Soc,  34,  772.   1912.  Ibid.,  35,  127.  1913).     The  oxalate 
finally  obtained  Mras  ignited  for  several  hours  in  a  platinum 
crucible,  to  bright  redness  in  an  '3lectric  resistance  furnace.  The 
oxide  -aras  then  used  for  the  atomic  weight  determination. 
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IX.  Ratio  of  Dysprosiiam  Oxide  to  Dysprosiwn  Chloride. 

The  above  ratio  ^.vas  obtained  by  convertinc  a  weighed  amount  of 
the  oxide  to  the  anhydrous  chloride  and  determining  its  v/eight. 
Themethod  of  procedure  was  quite  similar  to  that  used  by  Egan  and 
Balke  (loc.  cit.  )  in  their  study  of  a  similar  ratio  for  yttrium. 
The  oxide,  while  still  hot,  was  transferred  to  the  weighed  quartz 
reaction  flask.     The  bulb  of  the  flask  used  in  this  work  had  a 
capacity  of  twenty-five  cubic  centimeters.     After  addition  of  the 
oxide  the  caps  were  adjusted  over  the  inlet  and  outlet  tubes  and 
the  flask  placed  in  a  dessicator  to  cool  over  solid  sodium  hydr- 
oxide.    After  having  cooled  one  of  the  joints  was  loosened  for  an 
instant,   in  order  to  allow  the  pressure  to  equalize.     The  flask  was 
then  hung  in  the  balance  case  for  several  hours,  after  which  it  was 
weighed.     The  oxide  was  then  dissolved  by  the  addition  of  a  slight 
excess  of  hydrochloric  acid,  with  gentle  warming.     The  solution 
took  place  slowly  and  quietly,  and  without  spattering.     The  flask 
was  next  attached  to  the  gas  train  by  means  of  groimd  glass  joints. 
The  gas  train  was  so  arranged  that  either  air,  nitrogen,  hydrogen 
chloride,  a  mixture  of  air  and  hydrogen  chloride,  or  a  mixture  of 
nitrogen  and  hydrogen  chloride  could  be  passed  through  the  flask  at 
will.     Air  was  first  passed  in  while  the  solution  was  heated  in  an 
electric  oven  to  100*^-105*^.     Vfhen  the  solution  had  become  quite 
concentrated  the  air  current  was  stopped  and  a  current  of  hydrogen 
chloride  passed  in  while  the  solution  was  allov/ed  to  cool  somewhat. 
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Dysprosiim  chloride  separated  from  the  strong  hydrochloric  acid 
solution  in  a  v/sll  crystallized  form.     Air  was  again  passed  in  and 
the  temperature  gradually  raised.     At  this  stage  care  had  to  be 
taken  in  the  heating  of  the  flask  and  in  the  regiaation  of  the  gas 
current  in  order  to  prevent,  on  the  one  hand  the  solution  of  the 
chloride,  and  on  the  other  the  formation  of  an  almost  impermeable 
crust  of  chloride  on  top  of  the  solution.     In  order  to  prevent  this 
latter,  the  entering  gas  vras  preheated  by  passage  through  a  coil  of 
glass  tubing  enclosed  in  the  oven,  and  the  solution  was  heated  from 
above  by  means  of  a  suitable  heating  coil.    Y.Tien  the  temperature 
reached  110*^  the  air  current  was  replaced  by  nitrogen,  and  when  it 
had  reached  120°  hydrogen  chloride  was  mixed  with  the  nitrogen. 
This  v/as  done  in  order  to  eliminate  the  danger  of  formation  of 
basic  chloride.     The  temperature  was  allowed  to  rise  to  125°,  where 
most  of  the  water  of  crystallization  came  off.     The  temperature  was 
allowed  to  remain  at  125^^  until  water  ceased  coming  off,  after 
which  it  was  raised  to  200°.     Between  125^  and  200^  no  water  was 
given  off.     Nitrogen  was  replaced  entirely  by  hydrochloric  acid  gas 
when  the  temperature  reached  200°.    At  200^  water  began  coming  off 
again  and  this  temperature  was  held  until  most  of  the  water  was 
expelled.     A  small  resistance  furnace,  with  alimdum  core,  was  now 
placed  around  the  bulb  of  the  flask,  the  temperature  raised  slowly 
to  350°  and  kept  there  for  about  one  and  one-half  hours  after  all 
visible  water  had  been  expelled.     The  furnace  was  then  allowed  to 
come  to  dull  red  for  a  few  minutes.     It  v/as  then  removed.  A 
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protecting  shield  of  asbestos  was  placed  just  above  the  bulb  of  the 
flask  to  prevent  undue  heating  of  the  neck  during  fusion.  The 
current  of  hydrogen  chloride  was  stopped  and  the  chloride  fused 
with  tha  flame  of  a  Bunsen  burner.     According  to  Eourion  (loc.  cit) 
the  chloride  fuses  at  580*^.     As  soon  as  fusion  had  taken  place  the 
flame  was  removed  and  as  the  flask  cooled  the  hydrogen  chloride  was 
replaced  by  nitrogen,  which  in  turn  was  replaced  by  air.     V/hile  the 
flask  was  at  room  temperature,  and  while  the  air  was  yet  passing, 
the  cap  was  adjusted  on  the  outlet  tube.     This  caused  a  slight  back 
pressure  in  the  flask  which  prevented  moist  air  entering  the  flask 
while  the  cap  was  being  quickly  adjusted  on  the  inlet  tube.  The 
time  required  for  converting  a  sample  of  oxide  into  anhydrous 
chloride  was  twenty-five  to  thirty  hours.     The  flask  was  himg  in 
the  balance  case  for  several  hours  and  weighed. 

Dysprosium  chloride  prepared  in  the  manner  just  described 
formed  a  crystalline,  olive-green  mass  which  did  not  wet  the  flask. 
There  was  no  indication  of  volatilization  during  the  fusion  period. 
The  chloride  dissolves  slowly  and  completely  in  cold  water  to  a 
clear  solution,  with  evolution  of  considerable  heat.     The  solution 
is  almost  neutral  to  litmus.     There  is  perhaps  a  faint  trace  of 
acidity.     The  solution  obtained  in  analysis  number  2  v;as  tested 
with  several  indicators  with  the  follo?/ing  results.     Blue  litmus 
paper  was  changed  to  red-violet.     Red  litmus  paper  v/as  unchanged. 
The  solution  was  neutral  to  methyl  orange,  acid  to  methyl-red,  and 
acid  to  phenolphthalein.     This  slight  acidity  was  probably  due  to 
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hydrolysis,  as  dysprosiiam  is  a  bass  relatively  weak  (Urbain,  Comp- 
tes  rsndus,  143,   50S.  1905)   in  thi  rars  earth  series. 

Five  consecutive  determinations  have  been  made.     Samples  1  and 
2  were  obtained  from  two  fractions  near  the  middle  of  the  second 
ethylsulfate  series  after  it  had  been  run  about  sixty-five  times. 
These  fractions  were  united  and  the  oxide  obtained  as  previously 
described.     The  two  samples  had  the  same  treatment  v/ith  the  excep- 
tion that  the  oxide  of  sample  2  had  been  i^-piited  eigrht  hours  longer 
than  that  of  sample  1.     The  magnetic  susceptibility  of  the  oxide 
from  these  two  samples  was  determined  by  Mr.  0.  A.  Randolph  of  the 
Physics  Department  of  the  University  of  Illinois,  whom  the  author 
wishes  to  thank  for  this  work.     Determinations  were  made  on  two 
portions  of  oxide.     The  values  obtained  for  X.IO'^  per  unit  mass 
were  291.1  at  24°  and  290. ?S  at  23^.     Urbain  (loc.  cit.  )  gives  the 
value  for  dysprosium  oxide  as  290.     He  does  not  state  the  temper- 
ature. 

Sample  3  was  taken  from  near  the  middle  of  the  second  ethyl- 
sulfate series  after  it  had  been  run  about  sixty  times. .  A  test  of 
the  purity  of  this  sample  was  made  by  passing  hydrogen  sulfide,  for 
one-half  hour,   into  the  aqueous  solution  of  the  chloride  obtained 
at  the  end  of  the  determination.     No  precipitate  was  formed  and  the 
solution  remained  clear.     A  comparison  of  the  absorption  spectrum 
of  the  nitrate  solution  of  this  sample,  with  a  nitrate  solution 
containing  a  known  amount  of  holmium  from  a  holmium-yttrium  mixture^ 
indicated  the  presence  of  approximately  one  and  one-half  per  cent 


30 

of  holmium.     Ass-oniins  the  correct  atomic  weight  of  holmiiim  as  163.5, 
the  value  given  in  the  International  Table,  this  amount  v/oiild  ef- 
fect the  atomic  weight  of  the  sample  approximate!;^  OoOl  unit.  The 
oxides  of  samples  1,  2  and  3  had  a  light  cream  color,  almost  white. 

Sample  4  was  obtained  from  the  three  most  soluble  fractions  in 
the  first  ethylsulfate  series  after  it  had  undergone  about  forty 
series  of  crystallizations.     There  was  only  a  very  slight  trace  of 
holmium  in  this  material.     The  color  of  the  oxide  was  darker  than 
that  of  the  otlier  samples.     This  indicated  the  presence  of  a  slight 
amo^jint  of  terbium,  which  seemed  to  lower  the  atomic  weight. 

Sample  5  was  obtained  from  near  the  insoluble  end  of  the 
second  ethyls^olf ate  series  after  about  seventy  series  of  crystal- 
lizations.    The  oxide  was  cream  colored. 

All  weighings  were  made  by  the  method  of  substitution,  the 
tare  flask  being  of  quartz  and  similar  in  size,  shape  and  weight  to 
the  reaction  flask.     The  weighings  were  made  on  a  Ruprecht  balance 
which  is  used  exclusively  for  atomic  weight  work.     The  weights  were 
carefully  standardized  to  O.Cl  milligram.     All  weights  were  cor- 
rected to  vacu-'jm  standard.     The  specific  gravity  of  the  weights  was 
taken  as  S.4,  that  of  the  chloride  as  3,57  (Bourion,  loc.  cit.), 
and  that  of  the  oxide  as  7.81,  which  was  determined.     The  atomic 
weight  of  oxygen  was  taken  as  16,  and  that  of  chlorine  as  35.46. 
The  following  values  were  obtained: 
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Sample.  Wsight  oxide.  ?/eight  chloride.  Oxide: chloride.  Atomic  Wt. 

1  0.50996  g.           0.73300  g.  1:1.457367  164.354 

2  1.05741  1.5198S  1:1.437361  164.357 
3.  0.65517                0.94352  1:1.437920  164.116 

4  1.22503                1.76297  1:1.437950  164.104 

5  1.95935                2.83135  1:1.437707  164.207 


Mean 


164.228 
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X.  Specific  Gravity  of  Dysprosium  Oxide. 

In  orisr  to  change  the  weight  of  dysprosium  oxide  in  air, 
to  vacuum  standard  it  'vas  necessary  to  know  the  specific  gravity 
of  this  substance.     A  single  determination  was  made,  using  oxide 
from  analyses  n^jmber  1  and  2  of  the  atomic  weight  determinations. 
A  Gay-Lussac  specific  gravity  bottle  of  about  six  cubic  centimeters 
capacity  was  used,  with  water  as  the  liquid.     For  the  weighings  in 
which  there  was  water  in  the  specific  gravity  bottle  this  was  put 
inside  a  weighing  bottle  to  guard  against  evaporation.     Tare  ves- 
sels similar  in  size  and  sliape  to  the  containing  bottles  were  used 
in  weighing.    Weights  were  corrected  to  vacuum  standard.     Data  and 
results  were  as  follows. 

weight  of  oxide  1.4645  g. 

Weight  of  water  displaced  0.1869  g. 

Vol-'jme  of  water  displaced  0.1875  c.c. 

Temperature  27 

ono 

Specific  gravity  of  dysprosium  oxide,  Dy202  7.81  ^ 


33 


XI.  S-urimary  of  Results. 

1.  Th3  bronate  method  of  separating  the  rare  earths  of  the 
yttriTxn  group  has  been  studied.  It  has  been  found  efficient  for 
concentrating  erbium,  yttrium  and  dysprosi-'jm  material. 

2.  A  comparative  study  has  been  made  of  the  permanganate  and 
sulfuric  acid  volumetric  methods  for  control  analyses.     They  have 
been  found  to  give  practically  the  sane  results  in  earth  mixtures 
whose  bromates  have  a  solubility  near  that  of  yttriiam  bromate. 

3.  Dysprosiiam  material  of  very  high  purity  has  been  obtained 
by  fractional  crystallization  of  the  rare  earth  bromates,  followed 
by  fractional  crystallization  of  the  ethylsulf ates . 

4.  The  ratio  of  dysprosium  oxide  to  dysprosium  chloride  has 
been  studied,  and  as  a  mean  of  five  consecvitive  determinations 
the  value  164.228  obtained  for  the  atomic  weight  of  dysprosixam. 
This  value  is  considerably  higher  than  the  one  now  in  the  Inter- 
national Table, 

5.  Some  properties  of  dysprosium  chloride  are  given. 

6.  The  specific  gravity  of  dysprosivim  oxide  v/as  found  to 
be  7.81. 
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